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We study the confinement between vortex strings in the dual lattice gauge theory of the abelian Higgs model.
The dual lattice gauge theory is described by a 2-form gauge field. We calculate the string-antistring potential
from the surface operator of the 2-form gauge field. The linear confining potential appears in a confinement
phase and it disappears in a deconfinement phase. The phase diagram of the theory is also obtained.
I. INTRODUCTION
A quantum vortex string is a one-dimensional topological
soliton. The existence of vortex strings was experimentally
confirmed in superconductors [1] and superfluids [2]. It is
also believed to exist in compact stars [3] and the Universe
[4]. The circulation around a vortex string is quantized due to
the single-valuedness of a field variable. The quantized circu-
lation is topologically protected, and thus the vortex string is
stable. The stability ensures the description as quasiparticles,
e.g., interaction and dynamics of vortex strings.
The field theory with vortex strings is dual to antisymmetric
rank-2 tensor, i.e., 2-form, gauge theory. The world sheet of
vortex strings corresponds to the surface operator of a 2-form
gauge field. Its expectation value gives us the information of
confinement between the vortex strings. This is an analog of
the Wilson loop operator in the 1-form gauge theory.
The 2-form gauge theory can be non-perturbatively for-
mulated by lattice regularization [5–10]. Higher-form lattice
gauge theory is sometimes called lattice gerbe theory [11, 12].
This is a generalization of the conventional lattice gauge the-
ory, i.e., the lattice formulation of 1-form gauge theory. The
2-form lattice gauge theory enables us to study a vortex string
from first principles. Although the vortex string is frequently
studied in semi-classical analysis, it misses quantum fluctua-
tion. First-principle analysis is necessary to take into account
quantum fluctuation, e.g., percolation [13–16] and superpo-
sition [17, 18]. Such analysis is particularly important near
phase transitions or in finite volumes, where quantum fluctua-
tion is non-negligible.
In this work, we study vortex strings in 2-form lattice gauge
theory. We consider a 2-form compact U(1) gauge field cou-
pled with a 1-form compact U(1) gauge field in 1 + 3 dimen-
sions. This theory is dual to the abelian Higgs model in con-
tinuum limit [19]. In Sec. II, we review the lattice formulation
of 2-form abelian gauge theory. In Sec. III, we show the po-
tential between a string and an antistring. We obtain the quan-
tum transition from a confinement phase to a deconfinement
phase. In Sec. IV, we draw the phase diagram by calculating
the susceptibility. We finally provide concluding remarks in
Sec. V.
II. ABELIAN 2-FORM LATTICE GAUGE THEORY
We consider a novel kind of lattice gauge theory in (1 + 3)-
dimensional Euclid spacetime. The theory contains two kinds
of abelian gauge fields: the 1-form gauge field Aµ(x) defined
on a link between x and x + µˆ and the 2-form gauge field
Bµν(x) defined on a plaquette, whose vertices are at x, x+ µˆ,
x+ νˆ, and x+ µˆ+ νˆ, where x denotes a site in a hypercubic
lattice and µˆ denotes the unit vector along the µ direction. The
lattice action is
Slat = κ
∑
x,µ<ν
(
1− 1
2
(
U˜µν(x) + U˜
†
µν(x)
))
+ β
∑
x,µ<ν<λ
(
1− 1
2
(
Γµνλ(x) + Γ
†
µνλ(x)
))
,
(1)
with the link and plaquette variables
Uµ(x) = e
iaAµ(x), (2)
Uµν [A(x)] = U
†
ν (x)U
†
µ(x+ νˆ)Uν(x+ µˆ)Uµ(x), (3)
U˜µν(x) = Uµν [A(x)]e
ia2Bµν(x), (4)
and the plaquette and cube variables
Γµν(x) = e
ia2Bµν(x), (5)
Γµνλ(x) = Γ
†
λµ(x+ νˆ)Γ
†
νλ(x+ µˆ)Γ
†
µν(x+ λˆ)
Γλµ(x)Γνλ(x)Γµν(x). (6)
Here κ and β are dimensionless coupling constants, and a is
lattice spacing. This lattice gauge theory is dual to the abelian
Higgs model in the continuum limit [19].
The 1-form gauge transformation is defined on every link
with a unitary matrix eiθ(x) as
eiaAµ(x) → eiθ(x+µˆ)eiaAµ(x)e−iθ(x). (7)
The minimal gauge-invariant observable is the plaquette op-
erator Uµν . Since the action is written only using Uµν , it is
manifestly invariant under the 1-form gauge transformation.
Similarly, the 2-form gauge transformation is defined on ev-
ery plaquette with a unitary matrix eiλµ(x) as
eia
2Bµν(x) → eiλν(x)eiλµ(x+νˆ)eia2Bµν(x)e−iλν(x+µˆ)e−iλµ(x)
= U†µν [λ(x)]e
ia2Bµν(x),
(8)
and
eiaAµ(x) → eiλµ(x)eiaAµ(x). (9)
ar
X
iv
:1
90
5.
04
47
1v
1 
 [h
ep
-la
t] 
 11
 M
ay
 20
19
2T 
T 
L 
r r 
FIG. 1. Wilson loop (left) and Wilson surface (right). In the Wil-
son loop, the two red lines correspond to the trajectories of a particle
and an antiparticle. In the Wilson surface, the two red surfaces cor-
respond to the trajectories of a vortex string and an antivortex string.
The blue lines and surfaces connect these trajectories to make the
operators gauge-invariant.
The minimal gauge-invariant observable is the plaquette op-
erator U˜µν and the unit cube operator Γµνλ. Since the action
is written only using U˜µν and Γµνλ, it is manifestly invariant
under the 2-form gauge transformation.
The expectation value of an operator Oˆ is given by using
the path integral as
〈Oˆ〉 =
∫ DAµDBµνe−SlatO∫ DAµDBµνe−Slat . (10)
Since e−Slat is real and positive, we can compute 〈Oˆ〉 on the
basis of the standard techniques of lattice Monte Carlo simu-
lations.
III. INTERSTRING POTENTIAL
Let us start with the Wilson loop potential in the standard
1-form lattice gauge theory. Considering a rectangle with the
length r and width T in the µ-ν plane, we can construct a
gauge-invariant observable as
WL(r, T ) =
〈U†ν (x, T )U†µ(x+ T νˆ, r)Uν(x+ rµˆ, T )Uµ(x, r)〉,
(11)
where Uµ(x, r) = Πr−1l=0 e
iaAµ(x+lµˆ). This is the so-called
Wilson loop. The Wilson loop corresponds to the world lines
of a charged particle and antiparticle (See Fig. 1). There-
fore the ground state energy (potential) of a static particle-
antiparticle pair is obtained from the infinitely-large rectangu-
lar Wilson loop as
aVq(r) = lim
T→∞
log
WL(r, T )
WL(r, T + 1)
. (12)
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<latexit sha1_base64="MuLFZ6TXnZKxNd0xNby0Mbjchgg=">AAAEUHichVPPaxNREJ400db1R1O9CF6CoSJFltlCs RSFghePbdq0haaG3c1L8sju23X3JVqXHL14Fjx4UvAg/gde68Gz4KF/gnisoAdBZydbWg3dvMfbN/O9+WbezL5xQk/GGvGwMFUsnTs/PXPBuHjp8pXZ8tzVrTjoR66ou4EXRDuOHQtPKlHXUntiJ4yE7Tue2HZ6D9Lz7YGIYhmoTb0fij3f7ijZlq 6tCWqWzYYjOlIl4nGfkYWh0ejZYWjft0xcWjIaQrVOHTbLVTSRR2VcsDKhCtlYC+YKz6EBLQjAhT74IECBJtkDG2Kau2ABQkjYHiSERSRJPhcwBIO4fbISZGET2qNvh7TdDFWkpz5jZrsUxaMVEbMC8/gV3+MRfsYP+A1/n+krYR/pXfZpd+AOLX /kQYTN2RfXN35O5Pq0a+iesHJvrqENy3xjSRmEjKS5uCP+4Nmro42V2nxyC9/id8riDR7iAeWhBj/cd+ui9pq9K+I84Zx9jq+oygnhA/LYJc/DTEtreozk8fSZvEewMIG7yaxUigivsJ7PeJrFSWudsJZvf3KzLtc6YT2f0yKbNs0R7/gfRRyxNZE t+RWMMyfHjfjtnq5HjZG0e6z/e2Vc2Fo0LTSt9cXq6r2sj2bgBtyE29Qrd2EVHsIa1CnuS/gIB/Cp+KX4q/inVBiZTmU7XIN/Rsn4C1OX9vQ=</latexit><latexit sha1_base64="MuLFZ6TXnZKxNd0xNby0Mbjchgg=">AAAEUHichVPPaxNREJ400db1R1O9CF6CoSJFltlCs RSFghePbdq0haaG3c1L8sju23X3JVqXHL14Fjx4UvAg/gde68Gz4KF/gnisoAdBZydbWg3dvMfbN/O9+WbezL5xQk/GGvGwMFUsnTs/PXPBuHjp8pXZ8tzVrTjoR66ou4EXRDuOHQtPKlHXUntiJ4yE7Tue2HZ6D9Lz7YGIYhmoTb0fij3f7ijZlq 6tCWqWzYYjOlIl4nGfkYWh0ejZYWjft0xcWjIaQrVOHTbLVTSRR2VcsDKhCtlYC+YKz6EBLQjAhT74IECBJtkDG2Kau2ABQkjYHiSERSRJPhcwBIO4fbISZGET2qNvh7TdDFWkpz5jZrsUxaMVEbMC8/gV3+MRfsYP+A1/n+krYR/pXfZpd+AOLX /kQYTN2RfXN35O5Pq0a+iesHJvrqENy3xjSRmEjKS5uCP+4Nmro42V2nxyC9/id8riDR7iAeWhBj/cd+ui9pq9K+I84Zx9jq+oygnhA/LYJc/DTEtreozk8fSZvEewMIG7yaxUigivsJ7PeJrFSWudsJZvf3KzLtc6YT2f0yKbNs0R7/gfRRyxNZE t+RWMMyfHjfjtnq5HjZG0e6z/e2Vc2Fo0LTSt9cXq6r2sj2bgBtyE29Qrd2EVHsIa1CnuS/gIB/Cp+KX4q/inVBiZTmU7XIN/Rsn4C1OX9vQ=</latexit><latexit sha1_base64="MuLFZ6TXnZKxNd0xNby0Mbjchgg=">AAAEUHichVPPaxNREJ400db1R1O9CF6CoSJFltlCs RSFghePbdq0haaG3c1L8sju23X3JVqXHL14Fjx4UvAg/gde68Gz4KF/gnisoAdBZydbWg3dvMfbN/O9+WbezL5xQk/GGvGwMFUsnTs/PXPBuHjp8pXZ8tzVrTjoR66ou4EXRDuOHQtPKlHXUntiJ4yE7Tue2HZ6D9Lz7YGIYhmoTb0fij3f7ijZlq 6tCWqWzYYjOlIl4nGfkYWh0ejZYWjft0xcWjIaQrVOHTbLVTSRR2VcsDKhCtlYC+YKz6EBLQjAhT74IECBJtkDG2Kau2ABQkjYHiSERSRJPhcwBIO4fbISZGET2qNvh7TdDFWkpz5jZrsUxaMVEbMC8/gV3+MRfsYP+A1/n+krYR/pXfZpd+AOLX /kQYTN2RfXN35O5Pq0a+iesHJvrqENy3xjSRmEjKS5uCP+4Nmro42V2nxyC9/id8riDR7iAeWhBj/cd+ui9pq9K+I84Zx9jq+oygnhA/LYJc/DTEtreozk8fSZvEewMIG7yaxUigivsJ7PeJrFSWudsJZvf3KzLtc6YT2f0yKbNs0R7/gfRRyxNZE t+RWMMyfHjfjtnq5HjZG0e6z/e2Vc2Fo0LTSt9cXq6r2sj2bgBtyE29Qrd2EVHsIa1CnuS/gIB/Cp+KX4q/inVBiZTmU7XIN/Rsn4C1OX9vQ=</latexit><latexit sha1_base64="MuLFZ6TXnZKxNd0xNby0Mbjchgg=">AAAEUHichVPPaxNREJ400db1R1O9CF6CoSJFltlCs RSFghePbdq0haaG3c1L8sju23X3JVqXHL14Fjx4UvAg/gde68Gz4KF/gnisoAdBZydbWg3dvMfbN/O9+WbezL5xQk/GGvGwMFUsnTs/PXPBuHjp8pXZ8tzVrTjoR66ou4EXRDuOHQtPKlHXUntiJ4yE7Tue2HZ6D9Lz7YGIYhmoTb0fij3f7ijZlq 6tCWqWzYYjOlIl4nGfkYWh0ejZYWjft0xcWjIaQrVOHTbLVTSRR2VcsDKhCtlYC+YKz6EBLQjAhT74IECBJtkDG2Kau2ABQkjYHiSERSRJPhcwBIO4fbISZGET2qNvh7TdDFWkpz5jZrsUxaMVEbMC8/gV3+MRfsYP+A1/n+krYR/pXfZpd+AOLX /kQYTN2RfXN35O5Pq0a+iesHJvrqENy3xjSRmEjKS5uCP+4Nmro42V2nxyC9/id8riDR7iAeWhBj/cd+ui9pq9K+I84Zx9jq+oygnhA/LYJc/DTEtreozk8fSZvEewMIG7yaxUigivsJ7PeJrFSWudsJZvf3KzLtc6YT2f0yKbNs0R7/gfRRyxNZE t+RWMMyfHjfjtnq5HjZG0e6z/e2Vc2Fo0LTSt9cXq6r2sj2bgBtyE29Qrd2EVHsIa1CnuS/gIB/Cp+KX4q/inVBiZTmU7XIN/Rsn4C1OX9vQ=</latexit><latexit sha1_base64="MuLFZ6TXnZKxNd0xNby0Mbjchgg=">AAAEUHichVPPaxNREJ400db1R1O9CF6CoSJFltlCs RSFghePbdq0haaG3c1L8sju23X3JVqXHL14Fjx4UvAg/gde68Gz4KF/gnisoAdBZydbWg3dvMfbN/O9+WbezL5xQk/GGvGwMFUsnTs/PXPBuHjp8pXZ8tzVrTjoR66ou4EXRDuOHQtPKlHXUntiJ4yE7Tue2HZ6D9Lz7YGIYhmoTb0fij3f7ijZlq 6tCWqWzYYjOlIl4nGfkYWh0ejZYWjft0xcWjIaQrVOHTbLVTSRR2VcsDKhCtlYC+YKz6EBLQjAhT74IECBJtkDG2Kau2ABQkjYHiSERSRJPhcwBIO4fbISZGET2qNvh7TdDFWkpz5jZrsUxaMVEbMC8/gV3+MRfsYP+A1/n+krYR/pXfZpd+AOLX /kQYTN2RfXN35O5Pq0a+iesHJvrqENy3xjSRmEjKS5uCP+4Nmro42V2nxyC9/id8riDR7iAeWhBj/cd+ui9pq9K+I84Zx9jq+oygnhA/LYJc/DTEtreozk8fSZvEewMIG7yaxUigivsJ7PeJrFSWudsJZvf3KzLtc6YT2f0yKbNs0R7/gfRRyxNZE t+RWMMyfHjfjtnq5HjZG0e6z/e2Vc2Fo0LTSt9cXq6r2sj2bgBtyE29Qrd2EVHsIa1CnuS/gIB/Cp+KX4q/inVBiZTmU7XIN/Rsn4C1OX9vQ=</latexit>
 = 1.065
<latexit sha1_base64="EJU1IhT6cBw0HCy4anCkAy6NzsY=">AAAEUHichVPPaxNREJ40Uev6o6leBC/BUJEiy2yhV kSh4MVjmzZtoalhd/OSPLL7drv7Eq1Ljl48Cx48KXgQ/wOv9eBZ8NA/QTxW0IOgs5MtrYZu3uPtm/nefDNvZt84oSdjjXhQmCqWzpw9N33euHDx0uWZ8uyVjTjoR66ou4EXRFuOHQtPKlHXUntiK4yE7Tue2HR6D9PzzYGIYhmodb0Xih3f7ijZlq 6tCWqWzYYjOlIlYrfPyPzQaPTsMLQfWCbeWTQaQrVOHDbLVTSRR2VcsDKhCtlYCWYLz6EBLQjAhT74IECBJtkDG2Ka22ABQkjYDiSERSRJPhcwBIO4fbISZGET2qNvh7TtDFWkpz5jZrsUxaMVEbMCc/gV3+MhfsYP+A1/n+orYR/pXfZod+A2LX /kQYTNmRfX1n5O5Pq0a+ges3JvrqENd/nGkjIIGUlzcUf8wbNXh2v3anPJTXyL3ymLN3iA+5SHGvxw362K2mv2rojzhHP2Ob6iKieED8hjlzwPMy2t6RGSx9On8h7D/ATuOrNSKSK8wno+42kWJ611wlq+/fHNulzrhPV8Tots2jRHvKN/FHHE1kS 25FcwzpwcN+K3e7IeNUbS7rH+75VxYWPBtNC0Vheqy/ezPpqG63ADblGvLMEyPIIVqFPcl/AR9uFT8UvxV/FPqTAyncp2uAr/jJLxF1dl9vU=</latexit><latexit sha1_base64="EJU1IhT6cBw0HCy4anCkAy6NzsY=">AAAEUHichVPPaxNREJ40Uev6o6leBC/BUJEiy2yhV kSh4MVjmzZtoalhd/OSPLL7drv7Eq1Ljl48Cx48KXgQ/wOv9eBZ8NA/QTxW0IOgs5MtrYZu3uPtm/nefDNvZt84oSdjjXhQmCqWzpw9N33euHDx0uWZ8uyVjTjoR66ou4EXRFuOHQtPKlHXUntiK4yE7Tue2HR6D9PzzYGIYhmodb0Xih3f7ijZlq 6tCWqWzYYjOlIlYrfPyPzQaPTsMLQfWCbeWTQaQrVOHDbLVTSRR2VcsDKhCtlYCWYLz6EBLQjAhT74IECBJtkDG2Ka22ABQkjYDiSERSRJPhcwBIO4fbISZGET2qNvh7TtDFWkpz5jZrsUxaMVEbMCc/gV3+MhfsYP+A1/n+orYR/pXfZod+A2LX /kQYTNmRfX1n5O5Pq0a+ges3JvrqENd/nGkjIIGUlzcUf8wbNXh2v3anPJTXyL3ymLN3iA+5SHGvxw362K2mv2rojzhHP2Ob6iKieED8hjlzwPMy2t6RGSx9On8h7D/ATuOrNSKSK8wno+42kWJ611wlq+/fHNulzrhPV8Tots2jRHvKN/FHHE1kS 25FcwzpwcN+K3e7IeNUbS7rH+75VxYWPBtNC0Vheqy/ezPpqG63ADblGvLMEyPIIVqFPcl/AR9uFT8UvxV/FPqTAyncp2uAr/jJLxF1dl9vU=</latexit><latexit sha1_base64="EJU1IhT6cBw0HCy4anCkAy6NzsY=">AAAEUHichVPPaxNREJ40Uev6o6leBC/BUJEiy2yhV kSh4MVjmzZtoalhd/OSPLL7drv7Eq1Ljl48Cx48KXgQ/wOv9eBZ8NA/QTxW0IOgs5MtrYZu3uPtm/nefDNvZt84oSdjjXhQmCqWzpw9N33euHDx0uWZ8uyVjTjoR66ou4EXRFuOHQtPKlHXUntiK4yE7Tue2HR6D9PzzYGIYhmodb0Xih3f7ijZlq 6tCWqWzYYjOlIlYrfPyPzQaPTsMLQfWCbeWTQaQrVOHDbLVTSRR2VcsDKhCtlYCWYLz6EBLQjAhT74IECBJtkDG2Ka22ABQkjYDiSERSRJPhcwBIO4fbISZGET2qNvh7TtDFWkpz5jZrsUxaMVEbMCc/gV3+MhfsYP+A1/n+orYR/pXfZod+A2LX /kQYTNmRfX1n5O5Pq0a+ges3JvrqENd/nGkjIIGUlzcUf8wbNXh2v3anPJTXyL3ymLN3iA+5SHGvxw362K2mv2rojzhHP2Ob6iKieED8hjlzwPMy2t6RGSx9On8h7D/ATuOrNSKSK8wno+42kWJ611wlq+/fHNulzrhPV8Tots2jRHvKN/FHHE1kS 25FcwzpwcN+K3e7IeNUbS7rH+75VxYWPBtNC0Vheqy/ezPpqG63ADblGvLMEyPIIVqFPcl/AR9uFT8UvxV/FPqTAyncp2uAr/jJLxF1dl9vU=</latexit><latexit sha1_base64="EJU1IhT6cBw0HCy4anCkAy6NzsY=">AAAEUHichVPPaxNREJ40Uev6o6leBC/BUJEiy2yhV kSh4MVjmzZtoalhd/OSPLL7drv7Eq1Ljl48Cx48KXgQ/wOv9eBZ8NA/QTxW0IOgs5MtrYZu3uPtm/nefDNvZt84oSdjjXhQmCqWzpw9N33euHDx0uWZ8uyVjTjoR66ou4EXRFuOHQtPKlHXUntiK4yE7Tue2HR6D9PzzYGIYhmodb0Xih3f7ijZlq 6tCWqWzYYjOlIlYrfPyPzQaPTsMLQfWCbeWTQaQrVOHDbLVTSRR2VcsDKhCtlYCWYLz6EBLQjAhT74IECBJtkDG2Ka22ABQkjYDiSERSRJPhcwBIO4fbISZGET2qNvh7TtDFWkpz5jZrsUxaMVEbMCc/gV3+MhfsYP+A1/n+orYR/pXfZod+A2LX /kQYTNmRfX1n5O5Pq0a+ges3JvrqENd/nGkjIIGUlzcUf8wbNXh2v3anPJTXyL3ymLN3iA+5SHGvxw362K2mv2rojzhHP2Ob6iKieED8hjlzwPMy2t6RGSx9On8h7D/ATuOrNSKSK8wno+42kWJ611wlq+/fHNulzrhPV8Tots2jRHvKN/FHHE1kS 25FcwzpwcN+K3e7IeNUbS7rH+75VxYWPBtNC0Vheqy/ezPpqG63ADblGvLMEyPIIVqFPcl/AR9uFT8UvxV/FPqTAyncp2uAr/jJLxF1dl9vU=</latexit><latexit sha1_base64="EJU1IhT6cBw0HCy4anCkAy6NzsY=">AAAEUHichVPPaxNREJ40Uev6o6leBC/BUJEiy2yhV kSh4MVjmzZtoalhd/OSPLL7drv7Eq1Ljl48Cx48KXgQ/wOv9eBZ8NA/QTxW0IOgs5MtrYZu3uPtm/nefDNvZt84oSdjjXhQmCqWzpw9N33euHDx0uWZ8uyVjTjoR66ou4EXRFuOHQtPKlHXUntiK4yE7Tue2HR6D9PzzYGIYhmodb0Xih3f7ijZlq 6tCWqWzYYjOlIlYrfPyPzQaPTsMLQfWCbeWTQaQrVOHDbLVTSRR2VcsDKhCtlYCWYLz6EBLQjAhT74IECBJtkDG2Ka22ABQkjYDiSERSRJPhcwBIO4fbISZGET2qNvh7TtDFWkpz5jZrsUxaMVEbMCc/gV3+MhfsYP+A1/n+orYR/pXfZod+A2LX /kQYTNmRfX1n5O5Pq0a+ges3JvrqENd/nGkjIIGUlzcUf8wbNXh2v3anPJTXyL3ymLN3iA+5SHGvxw362K2mv2rojzhHP2Ob6iKieED8hjlzwPMy2t6RGSx9On8h7D/ATuOrNSKSK8wno+42kWJ611wlq+/fHNulzrhPV8Tots2jRHvKN/FHHE1kS 25FcwzpwcN+K3e7IeNUbS7rH+75VxYWPBtNC0Vheqy/ezPpqG63ADblGvLMEyPIIVqFPcl/AR9uFT8UvxV/FPqTAyncp2uAr/jJLxF1dl9vU=</latexit>
 = 1.105
<latexit sha1_base64="FcaXdbmEhRgV7g7h5e/VvGgzjoY=">AAAEUHichVPPaxNBFP7SRK3rj6Z6EbwEQ0WKhNmCK KJQ8OKxTZu20NSwu5kkQ3Zn191NtC45evEsePCk4EH8D7zWg2fBQ/8E8VhBD4K+fdnSauhmhtl575v3vTfv7Tw7cFUUC7FfmCmWTp0+M3vWOHf+wsW58vyljcgfhI5sOL7rh1u2FUlXadmIVezKrSCUlme7ctPuP0jPN4cyjJSv1+PdQO54Vlerjn KsmKBWuda0ZVfpRD4eMLI4Mpp9Kwis+2bNFLeMptTtY4etclXUBI/KpGBmQhXZWPHnC8/RRBs+HAzgQUIjJtmFhYjmNkwIBITtICEsJEnxucQIBnEHZCXJwiK0T98uadsZqklPfUbMdiiKSyskZgUL4qt4Lw7EZ/FBfBO/T/SVsI/0Lru027hJyx t7kEFr7sWVtZ9TuR7tMXpHrNybx+jgDt9YUQYBI2kuzpg/fPbqYO1ufSG5Lt6K75TFG7Ev9igPPfzhvFuV9dfsXRPnCefscXxNVU4IH5LHHnkeZVpa00MkjxefyHuExSncdWalUkh4hfV8xtMsTlrrhLV8+6Ob9bjWCev5nDbZdGiOeYf/KOSI7al sxa9gkjk9bshv93g96oyk3WP+3yuTwsYSdV7NXF2qLt/L+mgWV3ENN6hXbmMZD7GCBsV9iY/Yw6fil+Kv4p9SYWw6k+24jH9GyfgLRGD28A==</latexit><latexit sha1_base64="FcaXdbmEhRgV7g7h5e/VvGgzjoY=">AAAEUHichVPPaxNBFP7SRK3rj6Z6EbwEQ0WKhNmCK KJQ8OKxTZu20NSwu5kkQ3Zn191NtC45evEsePCk4EH8D7zWg2fBQ/8E8VhBD4K+fdnSauhmhtl575v3vTfv7Tw7cFUUC7FfmCmWTp0+M3vWOHf+wsW58vyljcgfhI5sOL7rh1u2FUlXadmIVezKrSCUlme7ctPuP0jPN4cyjJSv1+PdQO54Vlerjn KsmKBWuda0ZVfpRD4eMLI4Mpp9Kwis+2bNFLeMptTtY4etclXUBI/KpGBmQhXZWPHnC8/RRBs+HAzgQUIjJtmFhYjmNkwIBITtICEsJEnxucQIBnEHZCXJwiK0T98uadsZqklPfUbMdiiKSyskZgUL4qt4Lw7EZ/FBfBO/T/SVsI/0Lru027hJyx t7kEFr7sWVtZ9TuR7tMXpHrNybx+jgDt9YUQYBI2kuzpg/fPbqYO1ufSG5Lt6K75TFG7Ev9igPPfzhvFuV9dfsXRPnCefscXxNVU4IH5LHHnkeZVpa00MkjxefyHuExSncdWalUkh4hfV8xtMsTlrrhLV8+6Ob9bjWCev5nDbZdGiOeYf/KOSI7al sxa9gkjk9bshv93g96oyk3WP+3yuTwsYSdV7NXF2qLt/L+mgWV3ENN6hXbmMZD7GCBsV9iY/Yw6fil+Kv4p9SYWw6k+24jH9GyfgLRGD28A==</latexit><latexit sha1_base64="FcaXdbmEhRgV7g7h5e/VvGgzjoY=">AAAEUHichVPPaxNBFP7SRK3rj6Z6EbwEQ0WKhNmCK KJQ8OKxTZu20NSwu5kkQ3Zn191NtC45evEsePCk4EH8D7zWg2fBQ/8E8VhBD4K+fdnSauhmhtl575v3vTfv7Tw7cFUUC7FfmCmWTp0+M3vWOHf+wsW58vyljcgfhI5sOL7rh1u2FUlXadmIVezKrSCUlme7ctPuP0jPN4cyjJSv1+PdQO54Vlerjn KsmKBWuda0ZVfpRD4eMLI4Mpp9Kwis+2bNFLeMptTtY4etclXUBI/KpGBmQhXZWPHnC8/RRBs+HAzgQUIjJtmFhYjmNkwIBITtICEsJEnxucQIBnEHZCXJwiK0T98uadsZqklPfUbMdiiKSyskZgUL4qt4Lw7EZ/FBfBO/T/SVsI/0Lru027hJyx t7kEFr7sWVtZ9TuR7tMXpHrNybx+jgDt9YUQYBI2kuzpg/fPbqYO1ufSG5Lt6K75TFG7Ev9igPPfzhvFuV9dfsXRPnCefscXxNVU4IH5LHHnkeZVpa00MkjxefyHuExSncdWalUkh4hfV8xtMsTlrrhLV8+6Ob9bjWCev5nDbZdGiOeYf/KOSI7al sxa9gkjk9bshv93g96oyk3WP+3yuTwsYSdV7NXF2qLt/L+mgWV3ENN6hXbmMZD7GCBsV9iY/Yw6fil+Kv4p9SYWw6k+24jH9GyfgLRGD28A==</latexit><latexit sha1_base64="FcaXdbmEhRgV7g7h5e/VvGgzjoY=">AAAEUHichVPPaxNBFP7SRK3rj6Z6EbwEQ0WKhNmCK KJQ8OKxTZu20NSwu5kkQ3Zn191NtC45evEsePCk4EH8D7zWg2fBQ/8E8VhBD4K+fdnSauhmhtl575v3vTfv7Tw7cFUUC7FfmCmWTp0+M3vWOHf+wsW58vyljcgfhI5sOL7rh1u2FUlXadmIVezKrSCUlme7ctPuP0jPN4cyjJSv1+PdQO54Vlerjn KsmKBWuda0ZVfpRD4eMLI4Mpp9Kwis+2bNFLeMptTtY4etclXUBI/KpGBmQhXZWPHnC8/RRBs+HAzgQUIjJtmFhYjmNkwIBITtICEsJEnxucQIBnEHZCXJwiK0T98uadsZqklPfUbMdiiKSyskZgUL4qt4Lw7EZ/FBfBO/T/SVsI/0Lru027hJyx t7kEFr7sWVtZ9TuR7tMXpHrNybx+jgDt9YUQYBI2kuzpg/fPbqYO1ufSG5Lt6K75TFG7Ev9igPPfzhvFuV9dfsXRPnCefscXxNVU4IH5LHHnkeZVpa00MkjxefyHuExSncdWalUkh4hfV8xtMsTlrrhLV8+6Ob9bjWCev5nDbZdGiOeYf/KOSI7al sxa9gkjk9bshv93g96oyk3WP+3yuTwsYSdV7NXF2qLt/L+mgWV3ENN6hXbmMZD7GCBsV9iY/Yw6fil+Kv4p9SYWw6k+24jH9GyfgLRGD28A==</latexit><latexit sha1_base64="FcaXdbmEhRgV7g7h5e/VvGgzjoY=">AAAEUHichVPPaxNBFP7SRK3rj6Z6EbwEQ0WKhNmCK KJQ8OKxTZu20NSwu5kkQ3Zn191NtC45evEsePCk4EH8D7zWg2fBQ/8E8VhBD4K+fdnSauhmhtl575v3vTfv7Tw7cFUUC7FfmCmWTp0+M3vWOHf+wsW58vyljcgfhI5sOL7rh1u2FUlXadmIVezKrSCUlme7ctPuP0jPN4cyjJSv1+PdQO54Vlerjn KsmKBWuda0ZVfpRD4eMLI4Mpp9Kwis+2bNFLeMptTtY4etclXUBI/KpGBmQhXZWPHnC8/RRBs+HAzgQUIjJtmFhYjmNkwIBITtICEsJEnxucQIBnEHZCXJwiK0T98uadsZqklPfUbMdiiKSyskZgUL4qt4Lw7EZ/FBfBO/T/SVsI/0Lru027hJyx t7kEFr7sWVtZ9TuR7tMXpHrNybx+jgDt9YUQYBI2kuzpg/fPbqYO1ufSG5Lt6K75TFG7Ev9igPPfzhvFuV9dfsXRPnCefscXxNVU4IH5LHHnkeZVpa00MkjxefyHuExSncdWalUkh4hfV8xtMsTlrrhLV8+6Ob9bjWCev5nDbZdGiOeYf/KOSI7al sxa9gkjk9bshv93g96oyk3WP+3yuTwsYSdV7NXF2qLt/L+mgWV3ENN6hXbmMZD7GCBsV9iY/Yw6fil+Kv4p9SYWw6k+24jH9GyfgLRGD28A==</latexit>
r
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FIG. 2. Interstring potential with β = 4.1, and various κ. The
confining linear potential is clearly seen in the confinement phase at
small κ, while it disappears in the deconfinement phase at large κ.
The area law of the Wilson loop gives the linear confining
potential between point charges.
We can consider an analogue of the Wilson loop potential
for the 2-form lattice gauge theory. Considering a cuboid with
the length r, width L, and height T in the µ-ν-λ space, we can
construct a gauge-invariant observable as
WS(r, L, T ) =
〈Γ†λµ(x+ Lνˆ, T, r)Γ†νλ(x+ rµˆ, L, T )Γ†µν(x+ T λˆ, r, L)
Γλµ(x, T, r)Γνλ(x, L, T )Γµν(x, r, L)〉,
(13)
where Γµν(x, r, L) = Π
r−1,L−1
l=0,m=0e
−ia2Bµν(x+lµˆ+mνˆ). This
corresponds to the world sheets of a static (i.e., infinite ten-
sion) string and antistring (See Fig. 1). The ground-state po-
tential energy of an infinitely-long string-antistring pair is de-
fined from the cuboidal Wilson surface as
aVS(r) = lim
T,L→∞
log
WS(r, L, T + 1)WS(r, L+ 1, T )
WS(r, L, T )WS(r, L+ 1, T + 1)
.
(14)
This gives the interstring potential per unit length. The vol-
ume law of the Wilson surface gives the linear confining po-
tential between vortex strings.
To confirm this idea, we compute the Wilson surface op-
erator using the Monte Carlo simulation. For the technical
details of the Monte Carlo update, see Appendix A. The lat-
tice volume is V = 164. The APE smearing was employed
to compute the interstring potential efficiently [20]. The re-
sult is shown in Fig. 2. At small κ, we clearly see the linear
confining potential, while it disappears as κ increases. This
shows a new type of the phase transition characterized by the
(de-)confinement of extended objects. This is the main result
of this paper. We remark here that the expectation value of
the Wilson loop of Aµ becomes always zero since the Wilson
loop is not gauge invariant under the 2-form gauge transfor-
mation. In terms of the abelian Higgs model, this implies the
gauge dependence of magnetic monopoles.
3
<latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit>
V = 84
<latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit>
V = 104
<latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit>
V = 124
<latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit>
V = 144
<latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit>
V = 164
<latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit>
 

<latexit sha1_base64="eccrG/W8d+R2yLK5ESeWatQYOko="></latexit><latexit sha1_base64="eccrG/W8d+R2yLK5ESeWatQYOko="></latexit><latexit sha1_base64="eccrG/W8d+R2yLK5ESeWatQYOko="></latexit><latexit sha1_base64="eccrG/W8d+R2yLK5ESeWatQYOko="></latexit><latexit sha1_base64="eccrG/W8d+R2yLK5ESeWatQYOko="></latexit>
(a)   = 4.0
<latexit sha1_base6 4="+4WDXdIrTY46wkudTjdVKcDtWa4=">AAAEU nichVNPaxNBFH9poq2x2lQvgpdgqNQi4W0RWvw DBS8e27RpC00Nu5tJMnR3dp2dROuSoxc/gB48K XgQv4I3UfwAeuhHEI8VBPHg25ctrYZuZpid937 zfu/NezvPCT0ZGcSD3ES+cObs5NS54vnpCxdn SrOXNqOgp11RdwMv0NuOHQlPKlE30nhiO9TC9h 1PbDl795Pzrb7QkQzUhtkPxa5vd5RsS9c2BDVL 2HBER6pYPOoxsjAozts3GncINva9W1UsNoRqnT hulipYRR7lUcFKhQqkYzWYzT2DBrQgABd64IMA BYZkD2yIaO6ABQghYbsQE6ZJknwuYABF4vbIS pCFTegefTuk7aSoIj3xGTHbpSgeLU3MMszhN3y Hh/gF3+N3/HOqr5h9JHfZp92Bm7T8oQcRNmeeX 1n/NZbr026ge8zKvLmBNizzjSVlEDKS5OIO+f2 nLw/Xb9fm4uv4Bn9QFq/xAD9SHqr/0327Jmqv 2LsizmPO2ef4iqocE94nj13yPEi1pKZHSBbPnM p7CAtjuBvMSiRNeJn1bMaTNE5S65i1bPvjm3W5 1jHr2ZwW2bRpDnlH/0hzxNZYtuRXMMocH1fz2z 1ZjxojSfdY//fKqLC5WLWwaq0tVlbupn00BVfh GsxTryzBCjyAVahT3BfwAT7B5/zX/O9CrpAfm k7kUs5l+GcUpv8CPvj2eg==</latexit><latexit sha1_base6 4="+4WDXdIrTY46wkudTjdVKcDtWa4=">AAAEU nichVNPaxNBFH9poq2x2lQvgpdgqNQi4W0RWvw DBS8e27RpC00Nu5tJMnR3dp2dROuSoxc/gB48K XgQv4I3UfwAeuhHEI8VBPHg25ctrYZuZpid937 zfu/NezvPCT0ZGcSD3ES+cObs5NS54vnpCxdn SrOXNqOgp11RdwMv0NuOHQlPKlE30nhiO9TC9h 1PbDl795Pzrb7QkQzUhtkPxa5vd5RsS9c2BDVL 2HBER6pYPOoxsjAozts3GncINva9W1UsNoRqnT hulipYRR7lUcFKhQqkYzWYzT2DBrQgABd64IMA BYZkD2yIaO6ABQghYbsQE6ZJknwuYABF4vbIS pCFTegefTuk7aSoIj3xGTHbpSgeLU3MMszhN3y Hh/gF3+N3/HOqr5h9JHfZp92Bm7T8oQcRNmeeX 1n/NZbr026ge8zKvLmBNizzjSVlEDKS5OIO+f2 nLw/Xb9fm4uv4Bn9QFq/xAD9SHqr/0327Jmqv 2LsizmPO2ef4iqocE94nj13yPEi1pKZHSBbPnM p7CAtjuBvMSiRNeJn1bMaTNE5S65i1bPvjm3W5 1jHr2ZwW2bRpDnlH/0hzxNZYtuRXMMocH1fz2z 1ZjxojSfdY//fKqLC5WLWwaq0tVlbupn00BVfh GsxTryzBCjyAVahT3BfwAT7B5/zX/O9CrpAfm k7kUs5l+GcUpv8CPvj2eg==</latexit><latexit sha1_base6 4="+4WDXdIrTY46wkudTjdVKcDtWa4=">AAAEU nichVNPaxNBFH9poq2x2lQvgpdgqNQi4W0RWvw DBS8e27RpC00Nu5tJMnR3dp2dROuSoxc/gB48K XgQv4I3UfwAeuhHEI8VBPHg25ctrYZuZpid937 zfu/NezvPCT0ZGcSD3ES+cObs5NS54vnpCxdn SrOXNqOgp11RdwMv0NuOHQlPKlE30nhiO9TC9h 1PbDl795Pzrb7QkQzUhtkPxa5vd5RsS9c2BDVL 2HBER6pYPOoxsjAozts3GncINva9W1UsNoRqnT hulipYRR7lUcFKhQqkYzWYzT2DBrQgABd64IMA BYZkD2yIaO6ABQghYbsQE6ZJknwuYABF4vbIS pCFTegefTuk7aSoIj3xGTHbpSgeLU3MMszhN3y Hh/gF3+N3/HOqr5h9JHfZp92Bm7T8oQcRNmeeX 1n/NZbr026ge8zKvLmBNizzjSVlEDKS5OIO+f2 nLw/Xb9fm4uv4Bn9QFq/xAD9SHqr/0327Jmqv 2LsizmPO2ef4iqocE94nj13yPEi1pKZHSBbPnM p7CAtjuBvMSiRNeJn1bMaTNE5S65i1bPvjm3W5 1jHr2ZwW2bRpDnlH/0hzxNZYtuRXMMocH1fz2z 1ZjxojSfdY//fKqLC5WLWwaq0tVlbupn00BVfh GsxTryzBCjyAVahT3BfwAT7B5/zX/O9CrpAfm k7kUs5l+GcUpv8CPvj2eg==</latexit><latexit sha1_base6 4="+4WDXdIrTY46wkudTjdVKcDtWa4=">AAAEU nichVNPaxNBFH9poq2x2lQvgpdgqNQi4W0RWvw DBS8e27RpC00Nu5tJMnR3dp2dROuSoxc/gB48K XgQv4I3UfwAeuhHEI8VBPHg25ctrYZuZpid937 zfu/NezvPCT0ZGcSD3ES+cObs5NS54vnpCxdn SrOXNqOgp11RdwMv0NuOHQlPKlE30nhiO9TC9h 1PbDl795Pzrb7QkQzUhtkPxa5vd5RsS9c2BDVL 2HBER6pYPOoxsjAozts3GncINva9W1UsNoRqnT hulipYRR7lUcFKhQqkYzWYzT2DBrQgABd64IMA BYZkD2yIaO6ABQghYbsQE6ZJknwuYABF4vbIS pCFTegefTuk7aSoIj3xGTHbpSgeLU3MMszhN3y Hh/gF3+N3/HOqr5h9JHfZp92Bm7T8oQcRNmeeX 1n/NZbr026ge8zKvLmBNizzjSVlEDKS5OIO+f2 nLw/Xb9fm4uv4Bn9QFq/xAD9SHqr/0327Jmqv 2LsizmPO2ef4iqocE94nj13yPEi1pKZHSBbPnM p7CAtjuBvMSiRNeJn1bMaTNE5S65i1bPvjm3W5 1jHr2ZwW2bRpDnlH/0hzxNZYtuRXMMocH1fz2z 1ZjxojSfdY//fKqLC5WLWwaq0tVlbupn00BVfh GsxTryzBCjyAVahT3BfwAT7B5/zX/O9CrpAfm k7kUs5l+GcUpv8CPvj2eg==</latexit><latexit sha1_base6 4="+4WDXdIrTY46wkudTjdVKcDtWa4=">AAAEU nichVNPaxNBFH9poq2x2lQvgpdgqNQi4W0RWvw DBS8e27RpC00Nu5tJMnR3dp2dROuSoxc/gB48K XgQv4I3UfwAeuhHEI8VBPHg25ctrYZuZpid937 zfu/NezvPCT0ZGcSD3ES+cObs5NS54vnpCxdn SrOXNqOgp11RdwMv0NuOHQlPKlE30nhiO9TC9h 1PbDl795Pzrb7QkQzUhtkPxa5vd5RsS9c2BDVL 2HBER6pYPOoxsjAozts3GncINva9W1UsNoRqnT hulipYRR7lUcFKhQqkYzWYzT2DBrQgABd64IMA BYZkD2yIaO6ABQghYbsQE6ZJknwuYABF4vbIS pCFTegefTuk7aSoIj3xGTHbpSgeLU3MMszhN3y Hh/gF3+N3/HOqr5h9JHfZp92Bm7T8oQcRNmeeX 1n/NZbr026ge8zKvLmBNizzjSVlEDKS5OIO+f2 nLw/Xb9fm4uv4Bn9QFq/xAD9SHqr/0327Jmqv 2LsizmPO2ef4iqocE94nj13yPEi1pKZHSBbPnM p7CAtjuBvMSiRNeJn1bMaTNE5S65i1bPvjm3W5 1jHr2ZwW2bRpDnlH/0hzxNZYtuRXMMocH1fz2z 1ZjxojSfdY//fKqLC5WLWwaq0tVlbupn00BVfh GsxTryzBCjyAVahT3BfwAT7B5/zX/O9CrpAfm k7kUs5l+GcUpv8CPvj2eg==</latexit>
○ ○
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
<latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit><latexit sha1_base64=" CJ99/OCGopDAmxHsjpUDTK16npE=">AAAESnichZO/b9 NQEMcvdYASfjSFBYklIiqqKhSdu4AQQyUWxjZt2kpNiW znJXmK/WyeXwLFysjCwMrABBIDYmWFhYWBlaF/AmKjSA jBwPniqoWozrMc3319n7t3Fz838mVsEPcLM1bx1Okzs2 dL585fuDhXnr+0GYcD7YmGF/qh3nadWPhSiYaRxhfbk RZO4Ppiy+3fTd9vDYWOZag2zF4kdgOnq2RHeo4hqVVeb LqiK1UiHgxYWRqVmn0nipxSU6j2MblVrmINeVUmDTszq pCt1XC+8ASa0IYQPBhAAAIUGLJ9cCCmawdsQIhI24WEN E2W5PcCRlAidkBRgiIcUvv02yVvJ1MV+WnOmGmPqvh0 ayIrsIBf8A0e4Cd8i1/xz4m5Es6R7mWPni7coDsYZxBR a+7plfWfU9mAngZ6R1Tuzg104BbvWFIHEStpL96YHz5+ frB+u76QXMdX+I26eIn7+JH6UMMf3us1UX/B2RUxD7nn gOsrmnJC+pAy9ijzKPPSmR4qeZw5kbsPS1PYDaZSS5Ne YT+feJTVSWedsJcff7SzHs86YT+faVNMh64xd/gfaa7 YnkpL/gomyel1NX+7x+dRZyU9Pfb/Z2XS2Fyu2Viz15a rK3eyczQLV+EaLNJZuQkrcA9WoUF1n8E7eA8frM/Wd+u X9XscOlPImMvwzyoW/wKxR/aB</latexit>
V = 84
<latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit><latexit sha1_base64="gVNG0tN4EPZVewGXU/aZXLL6 DzI=">AAAESXichZPPTxNREMenLCrWHxS5mHBpbEBDTPOWmEiMJCRePEKhhYRCs7t9bV/Yfbu+fS3gpkcuJJ49eJKE A/HoVU9eTDx74E8wngwmEOLB2ekS0Ibt22x35rvzmXkz3WcHrgg1Y0eZIWP42vUbIzezt27fuTuaG7tXCf22cnjZ8V 1frdpWyF0heVkL7fLVQHHLs12+Ym++iN+vdLgKhS+X9U7A1z2rKUVDOJZGqZZ7WLV5U8iIv2qTMt3NVuZmN55kq1zWL 6m1XIEVGa18v2EmRgGSteCPZXahCnXwwYE2eMBBgkbbBQtCvNbABAYBausQoabQEvSeQxeyyLYximOEheom/jbRW0t UiX6cMyTawSou3grJPEyy7+yQHbOv7AP7wf5cmSuiHPFedvBpw2O8vV4GHtRG9+4vnQxkPXxqaF1QqTvX0IBZ2rHAD gJS4l6cHt95/fZ46VlpMppi++wndvGeHbEv2Ifs/HYOFnnpHWWXyGxRzx7VlzjlCPUOZmxh5m7ixTM9V9I4fSW3AdMD 2GWiYkuhnic/ndhO6sSzjshLj7/YWYtmHZGfztQxpoFXjzv/jxRVrA+kBX0F/eTguoq+3cvzKJESnx7z/7PSb1Rmii YrmoszhfnnyTkagQl4AI/wrDyFeXgJC1DGum/gI3yCz8Y345dxapz1QocyCTMO/6xh4y+E5vVr</latexit>
V = 104
<latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit><latexit sha1_base64="VuhTkoDF8WIJjmdQ7OuKzscT KKE=">AAAESnichZO/b9NQEMcvdYASfjSFBYklIiqqKhSdq0qgikqVWBjbtEkrNW1kOy/JU+1nY7+kLVZGFgZWBiaQ GBArKywsDKwM/RMQG0VCCAbOF1ctRHWe5fju6/vcvbv42YErI414mJsw8ufOX5i8WLh0+crVqeL0tXrk90JH1Bzf9c NN24qEK5WoaaldsRmEwvJsV2zYuw+S9xt9EUbSV+v6IBDbntVRsi0dS5PULM42bNGRKhaPeqzMDQr1JRN3FgoNoVqn5 GaxjBXkVRo1zNQoQ7pW/OncE2hAC3xwoAceCFCgyXbBgoiuLTABISBtG2LSQrIkvxcwgAKxPYoSFGGRuku/HfK2UlW Rn+SMmHaoikt3SGQJZvALvsEj/IRv8Sv+OTNXzDmSvRzQ04Y7dHvDDCJoTj29sfZzLOvRU0P3hMrcuYY23OMdS+ogY CXpxRny/cfPj9YWqzPxbXyF36iLl3iIH6kP1f/hvF4V1RecXRGzxz17XF/RlGPS+5SxS5kHqZfM9FjJ4vSZ3A7MjWHX mUqskPQS+9nEflonmXXMXnb8yc66POuY/WymRTFtuobc8X8UcsXWWFryVzBKjq8b8rd7eh5VVpLTY/5/VkaN+nzFxI q5Ol9evp+eo0m4Cbdgls7KXViGh7ACNar7DN7Be/hgfDa+G7+M38PQiVzKXId/Vj7/F1Bb9Z4=</latexit>
V = 124
<latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit><latexit sha1_base64="C5hnMe7ACS2pLlznlmYl41TS fIo=">AAAESnichZMxb9NQEMcvdaAlUJrCUoklIiqqKhQ9R5VaIZAqsXRs0yat1LSR7bwkT7Wf3eeXQLEysnToysAE EgNiZYWFhYGVoR8BsVEkhGDgfHHVlqjOsxzf/X2/u3cXPztwRagZO86MGdkrV8cnruWu35i8OZWfvlUL/a5yeNXxXV 9t2VbIXSF5VQvt8q1AccuzXb5p7z2O32/2uAqFLzf0QcB3PKstRUs4lkapkZ+r27wtZMT3u6TM93O1R2Z5dyFX57J5T m7ki6zEaBWGDTMxipCsVX868xzq0AQfHOiCBxwkaLRdsCDEaxtMYBCgtgMRagotQe859CGHbBejOEZYqO7hbxu97US V6Mc5Q6IdrOLirZAswCz7yt6yE/aZvWPf2N9Lc0WUI97LAT5tuI+3N8jAg8bU4cz6r5Gsh08NnTMqdecaWrBEOxbYQ UBK3Isz4HvPXpysP6jMRvfYa/Ydu3jFjtkn7EP2fjpv1njlJWWXyDyhnj2qL3HKEeo9zNjBzP3Ei2d6qqRx+lJuF+ZH sBtExZZCvUB+OvE0qRPPOiIvPf5sZx2adUR+OtPEmBZeA+70P1JUsTmSFvQVDJOj6yr6ds/Po0JKfHrM/8/KsFErl0 xWMtfKxeWHyTmagDtwF+bwrCzCMqzAKlSx7hG8hw/w0fhi/DB+G38GoWOZhLkNF1Y2+w9X+fWg</latexit>
V = 144
<latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit><latexit sha1_base64="SJR+4xaTxuzo4BPUGNiBirKr jWo=">AAAESnichZMxb9NQEMcvdQptKDSFBalLRNSqqlD0XFUCIZAqdWFs0yat1LSR7bwkT7WfzfNLoFgZu3To2oGJ SgyIlRUWFgZWhn4ExEaREIKh54urFqI6z3J89/f97t5d/OzAFaFm7CQzYmRHr10fG8/dmLh5azI/dbsa+h3l8Irju7 7atK2Qu0Lyihba5ZuB4pZnu3zD3l2O3290uQqFL9f1XsC3PaslRVM4lkapnp+r2bwlZMSfdUiZ7+WqT8zFncVcjcvGJ bmeL7ISo1UYNMzEKEKyVvypzD7UoAE+ONABDzhI0Gi7YEGI1xaYwCBAbRsi1BRagt5z6EEO2Q5GcYywUN3F3xZ6W4k q0Y9zhkQ7WMXFWyFZgBn2lb1lp+wze8e+sb9X5oooR7yXPXzacB9vr5+BB/XJg7trv4ayHj41tC+o1J1raMJD2rHAD gJS4l6cPt99eXS69qg8E82yY/Ydu3jNTtgn7EN2fzpvVnn5FWWXyDynnj2qL3HKEepdzNjGzL3Ei2d6rqRx+kpuB+aH sOtExZZCvUB+OvEiqRPPOiIvPf5iZ22adUR+OtPAmCZefe78P1JUsTGUFvQVDJLD6yr6di/Po0xKfHrM/8/KoFFdKJ msZK4uFJceJ+doDKbhHszhWXkAS/AUVqCCdQ/hPXyAj8YX44fx2/jTDx3JJMwd+Gdls2dfl/Wi</latexit>
V = 164
<latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit><latexit sha1_base64="v0qsDK8wDXt/B7+eXxXRjXRu PKY=">AAAESnichZO/b9NQEMcvdYASfjQtSyWWiKhVVaHouUIFVSBV6sLYpk1aqWkj23lJnmo/u88vaYuVkYWBlYEJ JAbEygoLCwMrQ/8ExEaRqqoMnC+uWojqPMvx3df3uXt38bMDV4SascPMiJG9cvXa6PXcjZu3bo/lxyeqod9RDq84vu urDdsKuSskr2ihXb4RKG55tsvX7Z2l+P16l6tQ+HJNHwR8y7NaUjSFY2mU6vmZms1bQkZ8t0PKbC9XfWLObz/I1bhsX JDr+SIrMVqFQcNMjCIka9kfzzyHGjTABwc64AEHCRptFywI8doEExgEqG1BhJpCS9B7Dj3IIdvBKI4RFqo7+NtCbzN RJfpxzpBoB6u4eCskCzDFvrP37Ih9ZR/YD/bn0lwR5Yj3coBPG+7j7fUz8KA+9mJy9Xgo6+FTQ/ucSt25hiY8oh0L7 CAgJe7F6fPdZ6+OVhfKU9E0e8t+Yhdv2CH7gn3I7m/n3Qovv6bsEpk96tmj+hKnHKHexYxtzNxLvHimZ0oapy/ltmF2 CLtGVGwp1AvkpxP7SZ141hF56fHnO2vTrCPy05kGxjTx6nNn/5Giio2htKCvYJAcXlfRt3txHmVS4tNj/n9WBo3qXM lkJXNlrrj4ODlHo3AX7sEMnpWHsAhPYRkqWPclfIRP8Nn4ZvwyTozTfuhIJmHuwD8rm/0LZzX1pA==</latexit>
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FIG. 3. Volume-dependence of the susceptibility χκ: (a) β = 4.0
below the critical point and (b) β = 4.1 above the critical point.
The last three volumes are used for the finite-size scaling analysis to
determine the critical κ in the infinite volume limit.
IV. PHASE DIAGRAM
We study the phase diagram of this lattice theory in the pa-
rameter space of κ and β. We calculated the susceptibility
χκ =
1
V
〈(
∂Slat
∂κ
−
〈
∂Slat
∂κ
〉)2〉
(15)
to determine the position and the order of the phase transition.
We calculated with lattice volumes V = 84, 104, 124, 144, and
164. As examples, we show the volume-dependence of χκ at
β = 4.0 and 4.1 in Fig 3. The finite-size scaling analysis
was employed with the three volumes V = 124, 144, and
164. The parallel tempering was also employed to compute
χκ [21]. The obtained phase diagram is shown in Fig. 4.
There are two phases: the string confinement phase and the
string deconfinement phase. In small β, the two phases are
smoothly connected by a crossover. In large β, the two phases
are separated by a first-order phase transition. We observed
the double peak structure implying metastable states and the
volume growth of the susceptibility χκ ∝ V near the phase
transition line. Both are strong evidences of the first-order
1st
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FIG. 4. Phase diagram of the 2-form lattice gauge theory. The blue
curve is the first-order phase-transition line.
phase transition. In the limit of β → ∞, the 2-form lattice
gauge theory (1) reduces to the conventional 1-form lattice
gauge theory. The phase transition must be first order in the
limit. This is consistent with our observation. The first-order
phase-transition line ends at a critical point. The position of
the critical point was estimated as κc = 1.036 and βc = 4.1.
V. CONCLUDING REMARKS
We studied the string confinement in 2-form lattice gauge
theory. The confinement-deconfinement phase transition was
confirmed in the interstring potential and in the phase digram.
They were obtained by analogous theoretical frameworks for
the particle confinement in 1-form gauge theory. Since there
are many other theoretical frameworks in lattice gauge the-
ory, we can apply them and study non-perturbative aspects of
2-form gauge theory. For example, the theory can be general-
ized to the charge-N (N > 1) representation [22], which may
show ZN topological order.
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Appendix A: Numerical algorithms
We updated gauge configurations by using the hybrid of
the heatbath and overrelaxation algorithms. The local action
4contains Aµ(x) reads
S˜lat =− κ
2
∑
ν 6=µ
(
U˜µν(x) + U˜
†
µν(x− νˆ) + h. c.
)
=− κsκ cos
(
aAµ(x)− aA˜µ(x)
)
,
(A1)
where
sκe
iaA˜µ(x) = eiaAµ(x)
∑
ν 6=µ
(
U˜†µν(x) + U˜µν(x− νˆ)
)
.
(A2)
The heatbath algorithm is applied to aµ(x) = Aµ(x)− A˜µ(x)
for the integral ∫
daµ(x)e
−S˜lat , (A3)
using the standard algorithm to generate the von Mises distri-
bution [23]. The new configuration is updated as Aµ(x) =
aµ(x) + A˜µ(x). Similarly, the local action contains Bµν(x)
reads
S˜lat =− κ
2
(
U˜µν(x) + U˜
†
µν(x)
)
− β
2
∑
λ6=µ,ν
(
Γµνλ(x) + Γ
†
µνλ(x− λˆ) + h. c.
)
=− s cos
(
a2Bµν(x)− a2B˜µν(x)
)
,
(A4)
where
seia
2B˜µν(x) =
κU†µν + βe
ia2Bµν(x)
∑
λ 6=µ,ν
(
Γ†µνλ(x) + Γµνλ(x− λˆ)
)
.
(A5)
The heatbath algorithm is applied to bµν(x) = Bµν(x) −
B˜µν(x). We also adopt the overrelaxation algorithm [24]
between the heatbath sweeps. The fields are updated as
Anewµ (x) = 2A˜µ(x) − Aoldµ (x) and Bnewµν (x) = 2B˜µν(x) −
Boldµν (x) with the 100% acceptance rate since this is a micro-
canonical update, and does not change the value of the local
action. We apply four updates by the overrelaxation algorithm
after every heatbath sweep.
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